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ABSTRACT 

The photometric and spectroscopic properties of the 43 known LMC nova 
candidates are summarized and reviewed. Of these, photometric data sufficient 
to estabhsh dechne rates are available for 29 novae, while spectroscopic data suf- 
ficient to establish the spectroscopic classes are available for 18 systems. Half of 
the 18 novae belong to the Fe II class, with the remaining nine belonging to either 
the He/N or the Fe lib classes. As seen in previous nova studies of M31 and M33, 
the He/N and Fe lib novae have on average faster photometric developments than 
do their Fe II counterparts. Overall, the available photometry confirms earlier 
studies, and shows conclusively that LMC novae have faster rates of decline than 
do novae in the Galaxy and M31. It appears that the increased fraction of faster, 
He/N and Fe lib novae observed in the LMC compared with M31 is almost cer- 
tainly the result of differences in the underlying stellar population between the 
two galaxies. We propose that the younger population seen in the LMC com- 
pared with M31's bulge (where most of the novae are found) produces progenitor 
binaries with higher average white dwarf masses. The higher mean white dwarf 
mass not only produces a larger fraction of fast, He/N novae compared with M31, 
but also results in a relatively large recurrent nova population. 

Subject headings: galaxies: stellar content — galaxies: individual (LMC) — stars: 
novae, cataclysmic variables 



Introduction 



Over the past two decades it has become widely accepted that the observed properties 
of novae - the peak luminosity, the rate of decline, and the character of the post-eruption 



spectrum are strongly affected by the underlying stella r populati o n (e.g ., see iShafterl 12008 
and references therein). In studies of Galactic novae, iDuerbeckl (Il990[ ) proposed the idea 



of two distinct populations of novae: a relatively young population of rapidly-fading novae 
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found in the solar neighborhood, the so-called "disk" novae, and a population of slower 
developing "bu lge novae " , whi ch are concentrated towards the Galactic center. At about 
the same time, IWilliamj ( 119921 ) argued that the spectra of Galactic novae could be divided 
into one of two principal spectroscopic classes. Novae that display prominent Fe II emission 
(the "Fe II" novae) are characterized by P Cygni line profiles, a slow photometric evolution, 
lower expansion velocities, and lower levels of ionization, compared to novae with strong 
lines of He and N (the "He/N" novae). The spectroscopic types are beheved to be related 
to fundamental properties of the progenitor binary such as t he white dwarf mass, and are 



possibly dependent on the underlying stellar population (e.g.. lDella Valle &: Livid Il998l ). 



In or der t o explore the effect of stellar population on nova properties, IShafter et al. 



feOllaU bl. I2OI2I ) studied the spectroscopic properties of novae in the Local Group galaxies 
M31 and M33. In M31 (and the Galaxy), Fe II novae make up ~80% of novae that have 
been observed spectroscopically, while in M33, preliminary evidence suggests that Fe II no- 
vae make up a significantly sr naller fraction of nova e. Among the 91 M31 novae with known 
spectroscopic class studied by lShafter et al.l (l2011bl ). no clear dependence of a nova's spectro- 
scopic type on spatial position (and presumably stellar population) in M31 was found. This 
result may be misleading, however, since the high inclination of M31's disk to our line of sight 
makes it difficult to assign a given nova an unambiguous spatial position within the galaxy, 
particularly near the apparent center of M31 where the foreground disk is superimposed on 
the galactic bulge. Despite this problem, the available photometric data did suggest that 
rapidly declining novae have a slightly more extended spatial distribution, as expected for a 
disk population. Given the difficulties in isolating stellar populations within a given galaxy, 
it would appear that a more promising approach to exploring differences in nova populations 
would be to compare nova properties between galaxies with diffe ring Hubble types whe re 
population synthesis models have predicted they should vary (e.g.. lYungelson et al.lll997l ). 



In this paper, we review all available photometric and spectroscopic observations of 
novae in the Large Magellanic Cloud (LMC) up to the end of 2012. We then compare their 
properties with those of novae in M31, M33 and the Galaxy with the goal of furthering our 
understanding of how nova properties vary with stellar population. 



2. Spectroscopic Classification of Novae 

Nova outbursts are the result of a thermonuclear runaway (TNR) in the degenerate 
surface layers of an accreting white dwarf in the progenitor binary. The TNR ejects some 
or all of the accreted material, and in some cases may dredge up material from the white 
dwarf itself. Spectra of novae shortly after eruption (days to weeks) are dominated by 
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prominent Balmer emission lines. In addition, the immediate post-eruption spectra often 
display promine nt emission lines of either Fe II or He and N in various stages of ionization 
(IWilliamsl Il992[). The fornier grou p, which represents ~80% of Galactic and M31 novae 



( IShafterl 120071 : IShafter et al.ll2011bf ). shows spectra dominated by low excitation, relatively 
narrow lines (FWHM Ha ^ 2000 km s~^) that are flanked by P Cygni absorption components 
characteristic of an expanding, optically thick gas. The remaining ~ 20% of novae, the 
"He/N" systems, display higher excitation emission lines that are generally broader (FWHM 
of Ha ^ 2500 km/s) that are characterized by more rectangular, castellated or flat-topped 
profiles. A small fraction of novae, which appear to have characteristics of both classes, are 
referred to as either "hybrid" or broad-lined Fe II (Fe lib) novae. These systems appear 
similar to Fe II novae shortly after eruption, but their emission lines are broader. Later, 
they may evolve to display a classical He/N spectrum, but have not been seen to evolve into 
typical narrow-lined Fe II novae. Empirically, spectral classifications made within the first 
few weeks after eruption seem to be robust; and, with the exception of the hybrid novae, 
do not appear to be sensitive to the precise phase in the evolution of the outburst. That 
said, additional time-resolved spectroscopic observations of novae throughout their outburst 
development will be required before the stability of the spectral classification can be fully 
assessed. 

The properties of the progenitor binary that determine the nova's spectroscopic class 
are not completely understood. While it seems clear that the He/N spectrum must be 
produced in a relatively low-mass ejec ta consisting of an op tically-thin shell of gas that is 
ejected at high velocity in the eruption (jWilliamslll992l . |2012| ) . the origin of the Fe II emission 
spectrum is more uncertain. The conventional explanation has been that Fe II spectra are 
produced in the optically-t hick wind that results from the expulsion o f massive e ject a from 
the white dwarf's surface ( Williamsl Il992l ). More recently, however, IWilliamd ( 12012| ) has 
suggested that the Fe II emission spectrum is produced predominately in gas stripped from 
the secondary star during the eruption. In this picture, nova binaries with large mass ratios, 
q (= Msec/Mwd), where the secondary star subtends a relatively large angle as seen from 
the white dwarf, would be expected to be more likely to produce Fe II spectra. 

Regardless of whether the emission originates in the wind or in material stripped from 
the secondary star, Fe II novae are likely to harbor low-mass white dwarfs. Models show 
that the accreted mass required to trigger a TNR (the ignition mass) is primarily a function 
of the white dwarf mass and temperature, with the latter being strongly infiuenced by the 
rate of accretion onto the white dwarf's surface. Thus, novae harboring low-mass white 
dwarfs accreting slowly will have the largest accreted masses and the longest recurrence 
times between eruptions. Assuming the ejected mass is proportional to the accreted mass, 
such systems will be more likely to produce the large ejected masses required to produce 
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an optically-thick wind. In addition, the high mass ratios favored in systems with low 
mass white dwarfs will act to increase the interaction of this wind with the secondary star, 
further facilitating the production of an Fe II spectrum. In He/N novae, on the other 
hand, it is thought that a relatively small amount of gas is ejected quickly from a relatively 
massive white dwarf, with little contribution from a wind. In this case, the spectrum will be 
dominated by emission from a high-velocity shell ionized by the hot white dwarf resulting in 
a nova of the He/N spectroscopic class. Thus, it appears that a study of the spectroscopic 
classes of novae can shed light on the white dwarf mass distribution in a nova population. 



3. Novae in the LMC 



A total of 43 suspected nova eruption s have been observed in the LMC since the first 
nova was discovered in 1926 ( Luyten 1926 1^. Five of these recorded outbursts are uncertain 
(LMCN 1952, 1966, 1996, 1998 and 1999), and another three (LMCN 1990-02a, 2004-lOa, and 
2009-02a) almost certainly represent the second outburst of a previously known system, and 
are therefore recurrent novae (RNe). Thus, the likely number of independent nova systems 
identified in the LMC as of the end of 2012 is 35. Given the challenges associated with 
obtaining spectra of transient sources like novae, it is perhaps surprising that spectroscopic 
observations sufficient to determine the spectroscopic class is available for more than half of 
these novae. Specifically, an analysis of published spectroscopic data has allowed us to assign 
tentative spectroscopic classes: Fe II, Fe lib (hybrid), or He/N, for a total of 22 LMC novae. 
Of these 22, 17 spectroscopic classes are reasonably secure. A summary of the properties of 
all known LMC nova candidates, including their spectroscopic classes where known, is given 
in Tabled! with the spatial distribution of the novae shown in Figure 1. Below we summarize 
the spectroscopic properties of the 20 LMC novae for which spectroscopic classifications are 
possible. When available, we have also included estimates of the magnitude reached at peak 
brightness and the rate of decline, v. Often the rate of decline is parameterized in terms 
of the number of days a nova takes to fade either two or three magnitudes from maximum 
light, t2 or tg. 



LMCN 1970-03a: LMCN 1970-03a was discovered bv iMacConnel 



k GomezI (Il970f ) on 



an objective prism plate taken on 1970 March 8.2 UT. iMacConnelll (jl970l ) describes that 
objective prism spectrum as follows: "H is very bright, fiat-topped, and broad and faint, 
broad Fe II emission at A4924 and A5018 is present." Although, line widths are not given. 



^See http://www.mpe.mpg.de/~m31novae/opt/linc/index.php for a compilation of positions, 
discovery magnitudes and dates. 
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based on MacConnell's description, it appears that LMCN 1970-03a is most hkely a broad- 
hned Fe II nova. The nova was discovered at F ~ 12, unfortunately, with no light curve 
information available. 

• LMCN 1970- 11a: LMCN 1970-1 la was discovered in decline, with m aximum light not 



covere d by available observations. Based on extrapolation of available data, ICapaccioli et al. 
(1l990l ) estimate that LMCN 1970-lla rea ched V ~ 10.5— 11.0. Available observations showed 



that the nova faded quite rapidly, with I Graham fc Arava 
of 0.25 mag per day. Spectra obtained by 



fll97ll) estimating a decline rate 



Havlen et al.l ( 1l972l ) starting 9 days after the 



estimated date of maximum light on 1970 October 30 shows the nova to be a member of the 
Fe II spectroscopic class. They deduce a shell velocity of —1560 km s~^, and estimate that 
the nova may have reached V = 10.8 at maximum light. 



• LMCN 1977- 03a: LMCN 1977-03a was d iscovered by ICrahaml (119771 ) on 1977 March 
12. According to ICanterna fc Schwartzl (Il977l ) the nova reached V = 10.7 and suffered a 
reddening of E{B — V) = 0.11. If we adopt a ratio of total-t o-selective extinction of R = 3.2, 
and a distance modulus, /io = 18.50 (IFreedman et al.ll200ll ). we find an absolute magnitude 
atjnaximum light. My = —8.2. A subsequent analysis of the nova by lCanterna fc Thompson 
(Il98ll ) found that t2(y) = 11 d and t^CV) = 21 d, respectively. These authors also reported 
spectroscopic observations near the time of maximum light that are consistent with the 
identification of LMCN 1977-03a as an Fe II system. 



• LMCN 1978-03a: LMCN 1978-03a was discover ed bvlOraham fc RoiasI (119781 ) on 1978 
March 29 UT at V = 12, and later confirmed by iGraham Jl978h. A n obj ective prism 
spectrum obtained at the time of discovery was described by ICrahaml (Il979l ). and shows 
the Balmer series in emission. An inspection of the published spectrogram suggests that 
the FWZI of H/3 is ~ 2400 km s-\ Additionally, there is a hint that N II I A4640 mav be 
present. A pre-maximum objective prism spectrum was also obtained by ICrahaml (119791 ) 
on 1978 March 17 UT as part of routine monitoring of the LMC. The spectrum showed 
narrow Balmer absorption, and may indicate that the true maximum of the nova occurred 
much earlier that the reported discovery on March 29. An extrapolation of the light curve 
from March 29 suggests that the nova could have reached ~ 9.5 — 10 at maximum light 
and faded with a rate of ~0.5 mag per day (lGrahamlll978l ). We estimate that the spectral 
classification occurred ~10 days after maximum light. 

• LMCN 1981-09a: LMCN 1981-09a was discovered by J. Maza on 1981 September 
30.371 UT at rupg ~ 12, and later confirmed by P. Jekabsons on October 6.85 UT. A day 
later, on October 7.64 UT, A. A. Page found that the nova had brightened to rripg = 11.8. An 
objective prism spectrum obtained by H. Duerbeck near the time of maximum light showed 
very strong and broad Ha emission (FWHM = 3800 km s~^), along with Fe II and N II 
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emission. These data suggest that LMC N 1981-09a i s a Fe lib or hybrid nova. A summary 
of all early observations can be found in lMaza et al.l (Il98l[ ). Unfortunately, little light curve 
information exists, and a reliable estimate of the fade rate is not available. 

• LMCN 1988-03a: LMCN 1988-03a was disco vered by G. Garradd on 1988 March 
21.484 UT at y ^ 11.4 (jCarradd fc Tregaskislll988l ). A series of spectroscopic observations 
made in the first month following dis c overy revealed relati vely narrow Balmer and Fe II 
emission features (jSchwarz et al.l Il998l : iDrechsel et al.l Il990l). indicating that the nova is a 
member of the Fe II class. An analysis of the light curve by lHearnshaw et al.l (120041 ) indicated 
that the nova reached V = 11.2 ±0.3 and declined moderately rapidly, with t2{V) = 22.5 ±4. 

• LMC 1988-lOa: The second nova obser ved in 1988 was also di scovered by G. Garradd 
on 1988 October 12.48 UT at V = 11.3 JMcNaught et all 09881). before brightening to 
V = 10.3 on October 13.7 5 UT (ISekiguchi et al.lll989l ). Extensive spectroscopic observations 
by ISekiguchi et al.l (119891 ) revealed prominent He, N, and Balmer emission lines (FWZI 
~ 6000 km s~^) chara cteristic of the He/N novae. An analysis of the light curve, also by 



Sekiguchi et al.l (Il989l ). established that the nova faded relatively rapidly with t2{V) and 
hiy) values of 5 and 10 days, respectively. 

• LMCN 1990-Ola: LMCN 199 0-Ola was discovered o n 1990 January 16.47 UT at magni- 
tude 11.5 (IMcNaught et al.lll990l ). Spectra obtained by iDopita &: Rawlingsl (Il990l ) between 
one and two weeks post- discovery reveal broad (FWHM ~ 5600 km s~^), flat-topped Balmer 
and He I emission early on followed by increasing He II and [Ne HI] lines by January 30. 
These data establish LMCN 1990-Ola as an ONe nova, and a ni e mber of the He/N spec- 
troscopic class. An analysis of the light curve bv iLiller fc Shidal J2005h suggests that the 
nova reached V = 9.7 at maximum light (although maximum was not observed directly) 
and that the nova faded rapidly at a rate of 0.59 mag per d ay. With an estimated red- 
dening, E{B — V^) = 0.22 ± 0.07 (IVanlandingham et al.lll999l ). the nova may have reached 
My = -9.6. 

• LMCN 1990-02a: LMCN 1990-02a was discovered at the position of LMCN 1968- 
12a by Liller on 1990 Februar y 14.1 UT a.t V = 11.2, r aaking it the first recurrent nova 



to be recognized in the LMC JSekiguchi^ Stobiel Il990l: IShore et al 



1990). Spectroscopic observations by Sekiguchi et al. ( 199ol ) and Shore et al. 



1991 



Williams et al. 



19911 ) obtained 



approximately a week post discovery established that the nova was a member of the He/N 
spectroscopic class. The nova was ob served to fade rapidl y, dropping and estimate 4.5 
magnitudes in the week since discovery. iLiller fc Shidal (120051 ) estimate that the nova likely 
reached V = 10.2 and faded at a rate of ~0.59 mag per day. 



LMCN 1991-04a: LMCN 1991-04a was discovered on the rise to maximum (ILiller et al. 
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199ll ). The nova reach ed V ~ 9.0 on 19 9 1 April 24 UT, m aking; it the brightest nova ever 
observed in the LMC (jShore et aLlll99ll : iDella Valid ll 99 ll ). After reaching maximum, the 
nova was observed to fade relatively rapidly with t2{V) and t^iV) of 6 and 8 days, respectively 
( jShore et al.lll99ll ). A spectrum obtained more than 2 weeks after maximum light was that of 
an Fe II nova, but with relatively broad Balmer emission l ines (FWHM Ha = 250 km s~^), 
along with a prominent CIII/NIII blend at A 464.5 nm (IDella Valle et al.lll99ll ). Thus, it 
appears that LMCN 1991-04a may be a member of the Fe lib spectroscopic class. 



• LMCN 1992-lla: LMCN 1992-lla was discovered by iLillei] fll992l ) at i? = 10.7 on 

1992 November 11.21 UT. Subsequent photometry showed that the nova reached V = 
10.2 ± 0.2 and faded re latively quickly with t2{V) = 6.9 ± 1.1 d and h(V) = 13.7 ± 1.6 d 



(Hearnshaw et a. 



20041) . Spectroscopic observations by iDella Valle &: Kaeufll (119921 ) and 



Duerbeck et al. Il992h near maximum light clearly establish that the nova is a member of 
the Fe II spectroscopic class. 



LMCN 1995-02a: LMCN 1995-02a was disco vered at m = 10.7 WjLi 



id (119951 ) on 1995 



March 2.11 UT. An analysis of the light curve by lHearnshaw et al.l (120041 ) revealed that the 
nova reached V = 10.35 ± 0.5 and subsequently faded with characteristic times of t2(V) = 
1 ± 3 d and t^CV) = 19.6 ± 3.2. Limited spectroscopic observations by iDella Valle et al. 



(119951 ) obtained at or near maximum light suggests that the nova was likely a member of 



the Fe II class. 

• LMCN 2000-07a: LMCN 2000-07a was discovered by iLiller &: Stubbingsl J200oh 



on 



2000 July 13.4 UT. Although maximum light was not covered, iHearnshaw et al.l (120041 ) 
estimate that the nova reached V = 10.7 ± 0.5 and that it s ubsequently faded w ith t2iV) 
and hiy) times of 8 and 20 days, respectively. Photometry by lGreiner et al.l (120031 ) resulted 
in similar values for U. and t ?,. Spectroscopy obtained approximately 3 days after discovery by 



Duerbeck fc Pompeii (120001 ) established that the nova was a member of the Fe II spectroscopic 
class. 



• LMCN 2002-02a: LMCN 2002-02a was yet another nova discovered bv iLillerl ((20021). 

According to his dis covery images, the nova reached V = 10.5 on 2002 March 3.066 UT. 
Liller &: Shidal (120051 ) estimate that the nova reached V = 10. 1 at maximum ligh t. Subse- 
quent photometric and spectroscopic follow-up observations by lMason et al.l (120051 ) obtained 
approximately a week post discovery established that LMCN 20 02-02a was a member of the 
Fe II spectroscopic class, and that it faded with a ^2 = 12 d. ISubramaniam fc Anupama 
(I2OO21) give U = 23 d, suggesting a slightly slower rate of decline, possibly based on the 
Liller fc Shidal J2005h estimate of z/ = 0.1 d'^ 



LMCN 2003-06a: LMCN 2003-06a was discovered bv lLiller et. all (l2003f ) at V = 11.0 
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on 2003 June 19 UT. Little is known about the spectro scopic properties o f this nova, but H. 
Bond reported that the emission hues were very broad (ILiller et. aLll2003l ). An analysis of a 
blue spectrum (A3900-4500 A) obtained 11 days post discovery kindly provided by H. Bond 
(2012, private communication) shows that FWHM (H7) = 3600 km s~^. The n ova appears 



to be either an Fe lib, or more likely an He/N system. iLiller fc Shidal (120051 ) estimate a 
decline rate of 0.25 mag per day. 



• LMCN 2004-lOa: LMCN 2004-lOa was discovered by iLillei] tOQ4 \ on 2004 October 
20.193 UT near th e positi on of LMCN 1 937-l la (YY Dor). Spectroscopic observations by 
Bond et al.l (120041 ) and by iMason et al.l (120041 ) during the first week post discovery clearly 
establish the nova as belonging to the He/N class, consistent with its identification as a 
recurrent nova. Limited photometric obser vations suggest that the nova reached V ~ 10.9, 
and faded at a rate of ~0.17 mag per day ( ILiller fc Shidal l2005l ). 



• LMCN 2005-09a: LMCN 2005-09a was unusual in that it was ident ified on 2006 Jul y 
18 UT via its X-ray emission approximately 10 months after eruptio n (iRead et al.l 120091) . 



Analysis of archival photometry from the All Sky Automated Survey (jPojmanski 



2OO2I 



re- 



vealed that the nova erupted sometime between 2005 September 18 and 30, when it was 
observed at ~ 12. The very limited photometric data suggested that the nova faded rela- 
tively rapidly, with t2{V) ~ 8 d. The only spectroscopic data were obtained by iRead et al. 



( 120091 ) more than a year after erup tion. Although a reliable spectroscopic classification is 
not possible this long after eruption, iRead et al.l ( 120091 ) have speculated that the nova might 
have been an Fe II system. 



• LMCN 2005-lla: LMCN 2005-lla was discovered bv ILiller et al.l (120051) on 2005 Novem- 
ber 22.065 UT at m ~ 12.8. An analysis of the light curve by ILiller et al.l (120071 ) shows 
that the nova likely reached V = 11.5 and then faded ve r y slowly wi th t2{V) = 63 d and 
^3(^) = 94 d. Spectroscopic observations by lWalter et al.l ( l2005l . 120121 ) starting 2 days post 
discovery show the object to be a member of the Fe II spectroscopic class. 



• LMCN 2009-02a: LMCN 2009-02a was discovered by iLilleil (l2009al ) on 2009 February 
5.067 UT at m ~ 10.6. The eruption likely represents a recurrence of the poorly observed 
nova, LMCN 197 1-08a (Bode et al. 2013, in preparation). Spectroscopic observations by 
Orio et al.l ( 120091 ) are consistent with the classification of the nova as a member of the He/N 
class. Limited photom etric observat i ons su ggest that the nova faded rapidly. Based on the 
V^-band photometry of IWalter et al.l (120121 ). we estimate ts ~ 8 d and u ~ 0.37 d^^. 



LMCN 2009-05a: LMCN 2009-05a was discovered at m ~ 12.1 on 2009 May 4.994 UT 



Liller fc MonardI ( 120091 ). Photometric and spectroscopic observations by lWalter et al.l (120121 ) 
starting 3 days post discovery show that the object was a slowly fading Fe II nova. Based 
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on the IWalter et al.l ( 120121 ) \^-band photometry, we estimate ~ 80 d and v ~ 0.037 d 



• LMCN 2012-0 3a: LMCN 2012-0 3a was discovered by J. Seach on 2012 March 26.397 
UT at m = 1 0.7 jLiller et al" 2012 ). The nova was observed to fade very rapidly after 
discovery, with Walter et al. ( 2012[ ) estimating t2 ~ 1.1 d and ta ~ 2.1 d. However, the 
available observations do not provide tight constraints on the time of maximum light (and 
thus maximum brightness), so these estimates are uncertain. Spectroscopic observations 
on March 27.0 UT shortly after discovery reveled the object to be a member of the He/N 
spectroscopic class (jPrietd 120121 ). 



LMCN 2012-lOa: LM CN 2012-lOa was discovered on 2012 November 04.358 UT by 



Wyrzykowski et al.l ( 120121 ) as part of the OGLE-IV search for transients in the LMC. An 
examination earlier data shows that the nova reached maximum light between 2012 October 
22.374 and 25.310 UT. The October 25.310 UT image showed the nova saturated, with an 1- 
band magnitude between 11 and 12. IWyrzykowski et al.l (120121 ) estimate ti{T) and ts f/) times 
of 10 and 15 days, respectively. Subsequent spectroscopy by IWalter et al.l ( 12012| ) starting 
~1 week post maximum reveals the nova to be a likely member of the He/N spectroscopic 
class. 



3.1. Global Photometric Properties 



It has long been recognized that a nova's luminosity at maximum light and its rate of 
decline are correlated. The resulting Maximum Magnitude v e rsus R ate of Decline (MMRD) 



relation was first applied to Galactic novae by iMcLaughlinl (119451 ) . Since tha t time, there 



have been numerous characterizations the MMRD relation for Galactic 



Downes & Duerbeck 


200C 


)) and extragalactic i 


Delia Valle & Livio 


1995; 


Darnlev et al. 


2006) 



[e.g., 



Cohen 



Capaccioli et al 



19851 : 



199 



that there appears to be considerable intrinsic scatter in the MMR D relation that c annot 
be explained solely by observational uncertainties. A recent study by iKasliwal et al.l (120101 ) 
has revealed a number of apparently faint, yet relatively rapidly fading novae in M31, which 
has caused the authors to question whether an MMRD relation is justified at all. In order 
to re-examine the MMRD relation for the LMC, we have reviewed available photometric 
observations and produced estimates of maximum magnitudes and rates of decline for the 29 
nova outbursts summarized in Table [21 Values of the abs olute magnitude at ma ximum have 
been estimated by adopting a distance, \ilmc = 18.50 (jFreedman et al.ll200ll ). and, when 
unknown, assuming a reddening E{B — V^ = 0.12 (llmara &: Blital2007l ). When not reported 
directly, decline rates, u, have been estimated from ly = 2/t2 or u = S/t^. If both t2 and 
are available, an average of the resulting decline rates is adopted. 
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in Figure [2] we have plotted the MMRD relation for LMC novae based on our estimate 
of the absolute V magnitudes at maximum light and the measured rates of decline (parame- 
terized as log lOOu). For most novae, peak brightness was not well covered by observations, 
making both the magnitude at maximum light and the fade rate uncertain. Given these 
unknown errors, we have not attempted to apply any corrections to convert observations 
in the photographic or unfiltered "white light" bandpasses to the visual band, nor have we 
included formal error bars when plotting the points. Despite the considerable observational 
uncertainties, a general MMRD relation is apparent, with the more luminous novae appear- 
ing to generally fade the fastest. A linear least-squares fit to the data (excluding the three 
lower limits) gives the following relation: 



Ml/ (max) 



1.52 ± 0.24) log lOOi^ - 6.27 ± 0.32. 



(1) 



For comparison, we have also plotted the corresponding relation for M31, 



My(max) = -(1.70 ± 0.08) log lOOz/ - 5.87 ± 0.10, 



(2) 



found by IShafter et al.l (l2011b( ). which, in light of the considerable uncertainties, appears 
consistent with our LMC result. 

Although there i s some overl ap in fade rates of H e/N and Fe II novae, as found in M31 
( IShafter et al.ll2011bf ) and M33 (IShafter et al.ll2012l ). it is clear that the He/N novae are 
generally "faster" than their Fe II counterparts. Of the 9 novae with ^3 times less than or 
equal to 10 days (log lOOz/ ^ 1.5), none are confirmed Fe II novae; five are He/N or suspected 
He/N, one is a possible Fe II nova, and three are of unknown spectroscopic type. Conversely, 
the five slowest novae with known spectroscopic type are all Fe II systems. It should be noted 
here that Fe II systems are not confined to the slowest or least luminous novae. Indeed, there 
appears to be a rare class of very luminous, and slowly rising Fe II novae, one of which is 
LMCN 1991-04a, which we have argued is likely a member of the Fe lib class. Two other 
notable examples of highly luniinous Fe II novae with somewhat narrower emission lines are 
M31N 2007-lld Jshafter et al.lbood ) and SN 2010U JCzekala et all 120131 ). 



It has been argued for some time that the novae in the LMC ge nerally faded from max- 
imum light more quickly than novae in the Galaxy or in M31 (e.g., iDella Valle fc Duerbeck 
I993I ). In Figure [31 we compare the fade rates for our complete sa mple of LMC novae 
with t hose available for the Gal axy and M31 from Tables 5 and 6 of iDownes fc Duerbeck 
J2000h and lShafter et all J2011b[ ). respectively. In agreement with earlier results, it is clear 
from Figure [3] that the LMC novae are considerably "faster" than their Galactic and M31 
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counterparts. 



3.2. Global Spectroscopic Properties 

Of the 18 novae listed in Table [1] having sufficient data for a ffim spectroscopic class 
to be assigned, half are members of the Fe II spectroscopic class, with the other half being 
members of the He/N or Fe lib classed. For an additional three novae sufficient data exist to 
assign a tentative spectroscopic class, with LMCN 1978-03a a likely Fe II system, and 1970- 
03a and 1991-04a likely being broad-lin ed Fe II (Fe lib) novae. LMCN 2005-09a has been 
tentatively classed as an Fe II system by lRead et al.l (120091 ) based on a single spectrum taken 
more than a year post eruption. In reality, the spectroscopic class of t his nova is unknown . 
The fraction of Fe II novae in the LMC (~ 50%), like that found in M33 Jshafter et al.ll2012l) 
is sign i ficantly lower than the fraction (~ 80%) seen in M31 and the Galaxy (jShafter et al. 
2011bl : IShaftei1l2007l ). 



To further explore the spectroscopic properties of the LMC novae, in Table [3] we have 
collected all published measurements of the Ha emission-line widths (which refiect the expan- 
sion velocities of the ejected gas where the lines are formed). As is now well established from 
prior spectroscopic surveys of novae, the emission-line widths are str ongly correlated with 
spect roscopic class. As in previous surveys of novae in M31 and M33 (IShafter et al.ll2011bl . 
2OI2I ). the novae belonging to the He/N class are characterized by Ha FWHM > 2500 km s~^, 
while the Fe II systems have FWHM values typically less than 2000 km s^^. It is thought 
that the Balmer emission lines associated with the He/N novae, with their broad, rectangu- 
lar, and fiat-topped profiles, are formed in discrete, optically-thin shells that are ejected at 
relatively high velocity from near the white dwarf's surface at the onset of eruption. 

Not surprisingly, the emission-line widths (expansion velocities) are also clearly corre- 
lated with the rate at which the nova fades in brightness. The low mass ejecta associated 
with rapidly expanding shells are expected to become optically thin more quickly than in 
more massive ejecta, resulting is faster rates of decline. For the LMC novae. Figure H] shows 
the relationship between the fade rate and the FWHM of Ha. The dashed line shows the 
best-fit linear relation given by 



log lOOz/ = (1.01 ± 0.25) log FWHMna - 2.04 ± 0.85, 



(3) 



^Seven are He/N class, with just one Fe lib (LMCN 1981-09a). LMCN 2003-06a is likely an He/N system, 
but the limited spectral coverage does not allow an Fe Hb classification to be ruled out. 
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while the dotted hne shows a corresponding relation given by 

log lOOz/ = (1.05 ±0.34) log FWHMna - 2.50 ± 1.08, (4) 



for a sample of M31 novae from IShafter et al.l (l2011bl ). In addition to highlighting the sharp 



distinction in line widths between the Fe II and the He/N novae, the figure clearly shows that 
novae with broad emission-line widths fade the fastest as expected. The He/N, which all have 
a FWHMna > 2500 km s"\ have a mean fade rate <i/(He/N)> = (0.54±0.45) d"\ while the 
Fe II novae have a mean fade rate <i/(FeII)> = (0.15 ± 0.09) d^^. It is unclear whether the 
slight offset between the LMC and M31 relations given by Equations (3) and (4) is significant. 
If so, and the LMC novae do in fact fade somewhat faster for a given Ha emission-line width 
compared with M31 novae, the difference could be due to a lower metallicity (and hence 
opacity) in the expanding shells of LMC novae that causes ejecta of all masses to become 
optically thin sooner, resulting in a population of novae with generally faster rates of decline. 



3.3. The Spatial Distribution of LMC Novae 



The LMC is an irregular galaxy of Hubble type Irr/SBr(s)m (Ide Vaucouleurs et al. 



199ll ). The luminosity profile has been the subject of several studies, which have established 
the presence of a barred disk seen near face-on, with a brightness distribution that drops off 
exponentially from the center of the galaxy. Figure [1] shows the projected positions of the 
40 known LMC nova candidates from Table [1] superimposed over an image of the galaxy. Of 
these 40, spectroscopic classes are known or suspected for 21 of the novae. To study their 
distributions, we have plotted the Fe II systems as red circles and the He/N and Fe lib novae 
as blue squares. The novae appear to be distributed uniformly across the face of the galaxy, 
with no obvious depe ndence of spectroscopic class on sp atial position. As has been noted in 
previous studies (e.g.. ISubramaniam fc Anupamall2002l ). there may be a slight enhancement 
of novae south east of the bar, with a relative dearth in th e 30 Dor region (north east of the 
bar). In addition, as pointed out by Ivan den Berghl (jl988l ). despite the enhanced luminosity, 
novae do not appear to be strongly associated with the central bar itself. 

We can make a more quantitative study of the nova distribution by comparing the nova 

densit y with that of the background light. According to the photometry of lde Vaucouleurs fc Freeman 
(I1972I ). the disk of the LMC is oriented at an inclination angle, i = 27°, with a position angle, 
PA = 170°. Based on these parameters, we have computed the projected distance of each 
nova from the center of the galaxy. The radial light distribution is then computed assuming 
an exponential disk with a central brightness o f 21.16 mag arcsec" ^, and a scale length, 
tq = 98.7' based on the V^-band photometry of iGallart et al.l (120041 ). Figure shows the 
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resulting cumulative nova distribution compared with the background \^-band light. The fit 
appears to be quite good, with a Kolmogorov-Smirnov (KS) test indicating that the distri- 
butions would be expected to differ by more than that observed 52% of the time if they were 
drawn from the same parent population. Thus, there is no reason to reject the hypothesis 
that the novae follow the light distribution of the LMC 



Discussion and Conclusions 



It has long been suggested that there exists two populations of novae, a "bulge" pop- 
ulation and a "disk" population, with the former associated with an older bulge and thick 
disk population (Pop II) and the latter with a younger (Pop I), thin-disk component. The 
distinction is based upon limited observational data suggesting that bulge novae are gen- 
erally less lumino us and have slower photometric develo pment when compared with their 
disk counterparts (lDuerbecklll990l : iDella Valle et al.lll992l ). There is also evidence to suggest 
that the spectroscopic class of Galactic novae is affected by stellar population, with He/N 
novae having a sma l ler di stribution of scale heights from the midplane of the Galactic disk 
Delia Valle &: Livid ( 119981 ). This finding is explained as the result of the larger white dwarf 
masses in novae associated with a younger disk population, which eject smaller accreted 
masses at higher velocities compared with novae from older stellar populations. 

There have been numerous studies of the relatively large and equidistant sa mple of 
novae in the near by spiral galaxy M31, going all the way back to the early work of iHubble 
(119291 ). Recently, IShafter et al.l (j2011bl ) considered a total of 91 M31 novae with available 
spectroscopic data and found no evidence that spectroscopic class was sensitive to spatial 
position within the galaxy. They did, however, find that novae at larger galactocentric radius 
faded slightly more quickly than novae closer to the center. A caveat to their analysis is that 
the high inclination of M31's disk to our line of sight makes it difficult to clearly separate 
the disk and bulge component of the galaxy. This is a particular problem in the central 
regions of the galaxy (where most novae occur) where the foreground disk is projected onto 
the central bulge. 

Rather than attempting to disentangle separate nova populations from a single galaxy 
like M31, it would appear that a better approach to studying nova populations would be to 
compare the properties of novae in galax ies with differ i ng Hu bble types and differing stel- 
lar populations. With that goal in mind IShafter et al.l ( 120121 ) considered the spectroscopic 
classes and rates of decline for the available sample of novae in M33, an essentially bulge-less 
galaxy with a dominant disk population. Although there were only 8 novae with known 
spectroscopic class in M33 compared with the 91 available for M31 (where the overall nova 
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rate is ~ lOx higher), there was aheady sufficient data to suggest that the mix of spec- 
troscopic classes was dissimilar in the two galaxies at the 99% confidence level. In M31, 
approximately 80% of t he novae are members of the Fe I I class, which is similar to what is 
observed in the Galaxy (jShafterll2007l : IWalter et al.ll2012[ ). In M33, on the other hand, Fe II 
novae made up less than 40% of the total. The limited light curve data was insufficient to 
draw any conclusions regarding nova speed class. 

The only other galaxy for which a significant number of spectroscopic types are available 
is the LMC As we have seen, the fraction of Fe II novae in the LMC is approximately 50%, 
which appears to be sign ificantly lower than that observed in M31 and the Galaxy. Following 
the analysis presented in IShafter et al. for M33, if we were to assume the ratio of Fe II 

to He/N (+ Fe lib) spectroscopic types is the same as in M31, the probability of observing 
9 or fewer Fe II novae in the LMC out of the 18 with known spectroscopic type would be 
less than 0.5%. In other words, the mix of nova spectroscopic types in the LMC differs from 
that observed in M31 at the 99.5% confidence level. When compared with M31 (and the 
Galaxy), He/N and Fe lib novae appear to make up a significantly larger fraction of the 
nova population, not only in M33, but in the LMC as well. In addition to the differences in 
spectroscopic class, we have also seen that the distribution of decline rates differs strikingly 
between M31 and the LMC. As clearly seen in Figure [3l LMC novae fade faster, on average, 
compared with novae in M31 and the Galaxy. 

It seems unavoidable to conclude that the difference in dominant stellar population 
between these galaxies is responsible for the differences in their relative percentages of 
Fe II novae and in their average nova decline rates. Both of these differences are likely 
the result of higher mean white d warf masses in LMC novae compared with novae in M31. 
Subramaniam fc Anupamal (120021 ) have studied the local (projected) stellar populations in re- 
gions immediately surrounding 15 novae in the LMC. Their principal conclusion is that most 
novae appear to arise from an intermediate age population with star formation commencing 
~ 3 ± 1 Gyr ago. The fast and moderately fast novae appear to arise from a somewhat 
younger population with mean age of 1 — 3.2 Gyr, while the one slow nova came from a 
region with a stellar population having a wide range of ages going back to 10 Gyr. Novae 



in M31 appear to come pr edominately from the bulge ( ICiarduUo et aL 



1987 



2001; Darnley et al. 2006 ). which has an estimated ag e of > 12 Gvr JSaglia et al.l 



Shaffer fc Irbv 



20101 ). As 



demonstrated by the population synthesis models of lYungelson et al.l ( 1l997l ). the younger 
stellar populations seen in disk galaxies are expected to produce novae at a higher rate com- 
pared with older stellar populations characteristic of spiral bulges and elhptical galaxies. 
This difference results from hig her average white dwarf masses expected in recently forme d 



nova progenitor binaries (e.g., Ide Kooll Il992l : iTutukov &: YungelsonI Il995l : iPolitand Il996l ). 



The higher white dwarf masses enable a TNR to be triggered with a smaller accreted (and 
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ejected) mass, resulting not only in faster photometric evolutions and a higher He/N nova 
fraction, but also in shorter average recurrence times and a higher nova rate. Indeed, the 



LMC has the highe st luminosity-specific nova rate measured for any galaxy (jPella Valle et al. 
19941 : IShafteilboOsh . 



Finally, we note that, of the 35 confirmed nova systems in the LMC, 3 are recurrent. 
The fraction of RNe, which approaches 10% (or ~16% of the number of outbursts recorded) 
appears to be significantly higher than that seen in M31, where a total of only ~8-15 RN 
systems (representing ~ 15 — 30 eruptions) have been identified out of a total of more than 
900 nova eruptions cataloged. Although these fractions are certainly lower limits to the true 
fraction because of the observational selection against the discovery of multiple outbursts, 
these selection effects should affect the LMC and M31 observations comparably. Thus, it 
appears likely that the higher recurrent nova fraction observed in the LMC is indeed real. 
Nova recurrence times are believed t o be determined principally by two parameters, the white 



dwarf's mass and its accretion rate ( Townsley fc Bildsten 



20051 ). Short recurrence times are 



predicted for novae having either high white dwarf masses, high accretion rates, or both. 
While it is true that among Galactic systems, RNe in the T Pyx subclass appear to achieve 
their short recurren ce times as a result of high accretion rates rather than from high white 
dwarf masses (e.g., iDarnley et al.ll2012[ ). it is hard to understand why novae in the LMC 



would have systematically higher accretion rates compared with novae in M31. Rather, it 
would appear more plausible to attribute the higher fraction of RNe in the LMC to higher 
mean white dwarf masses associated with the younger population of novae in this galaxy. 
This conclusion is further supported by the fact that the RN candidates in the LMC are 
all members of the He/N spectroscopic class, where systems harboring massive white dwarfs 
are expected to dominate. 
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1009566. 



- 16 - 
REFERENCES 

Bond, H. E., Walter, F., Espinoza, J., Gonzalez, D., Fasten, A., Green, D. W. E. 2004 lAUC 
8424 

Buscombe, W. & de Vaucouleurs, G. 1955, Observatory, 75, 170 
Canterna, R. & Schwartz, R. D. 1977, ApJ, 216, L91 

Capaccioli, M. Delia Valle, M., D'Onofrio, M., Rosino, L. 1990, ApJ, 360, 63 
Canterna, R. & Thompson, L. F. 1981, PASP, 93, 581 

CiarduUo, R., Ford, H. C, Neill, J. D., Jacoby, G. H., & Shatter, A. W. 1987, ApJ, 318, 520 
Cohen, J. G. 1985, ApJ, 292, 90 

Czekala, 1., Berger, E., Chornock, R., et al. 2013, ApJ, 765, 57 

Darnley, M. J., Bode, M. F., Kerins, E., et al. 2006, MNRAS, 369, 257 

Darnley, M. J., Ribeiro, V. A. R. M., Bode, M. F., Hounsell, R. A., Williams, R. P 2012, 
ApJ, 746, 61 

de Kool, M. 1992, A&A, 261, 188 

Delia Valle, M. 1991, A&A, 252, 9 

Delia Valle, M., Leisy, P., McNaught, R. H., Savage, A., Hartley, M., Hughes, S. M., Garradd, 
G. 1991, lAUC 5260 

Delia Valle, M. & Kaeufl, U. 1992, lAUC 5653 

Delia Valle, M. & Duerbeck, H. W. 1993, A&A, 271, 175 

Delia Valle, M., Bianchini, A., Livio, M., & Orio, M. 1992, A&A, 266, 232 

Delia Valle, M., Rosino, L., Bianchini, A., & Livio, M. 1994, A&A, 287, 403 

Delia Valle, M. & Livio, M. 1995, ApJ, 452, 704 

Delia Valle, M., Masetti, N., Benetti, S., Kilmartin, P. M., Gilmore, A. C. 1995, lAUC 6144 
Delia Valle, M., & Livio, M. 1998, ApJ, 506, 818 



-17- 



de Vaucouleurs, G., de Vaucouleurs, A., Corwin, H. G. Jr., Buta R. J., Paturel, G., & Fouqu, 
P. 1991 Third Reference Catalog of Bright Galaxies, Springer- Verlag, (RC3) 

de Vaucouleurs, G. & Freeman, K. C. 1972, Vistas in Astronomy, 14, 163 

Dopita, M. A. & Rawlings, S. J. 1990, lAUC 4964 

Downes, R. A. & Duerbeck, H. W. 2000, AJ, 120, 2007 

Drechsel, H., Andreae, J., Starrfield, S., Sonneborn, G. 1990, in Physics of Classical Novae. 
Proceedings of Colloquium No. 122 of the International Astronomical Union, held 
in Madrid, Spain, on June 27-30, 1989. Editors, A. Cassatella, R. Viotti; Publisher, 
Springer- Verlag, Berhn, Germany; New York, NY., p. 157 

Duerbeck, H. W. & Pompei, E. 2000, lAUC 7457 

Duerbeck, H. W. 1990, in Physics of Classical Novae, ed. A. Cassatella & R. Viotti, (New- 
York: Springer- Verlag) , 96 

Duerbeck, H. W., Grebel, E. K., Beele, D. 1992, lAUC 5654 

Freedman, W. L. 2001, ApJ, 553, 47 

Gallart, C, Stetson, P. B., Hardy, E., Pont, F., Zinn, R. 2004 ApJ, 614, 109 

Greincr, J., Orio, M., Schartcl, N. 2003, A&A, 405, 703 

Garradd, G. J. & Tregaskis, B. 1988, lAUC 4568 

Graham, J. A. & Araya, G. 1971, AJ, 76, 768 

Graham, J. A. 1977, lAUC 3049 

Graham, J. A. & Rojas, H. 1978, lAUC 3204 

Graham, J. A. 1978, lAUC 3206 

Graham, J. A. 1979, PASP, 91, 79 

Havlen, R. J., West, R. M., Westerlund, B. E. 1972, A&A, 16, 404 

Hearnshaw, J. B., Livingston, C. M., Gilmore, A. C, & Kilmartin, P. M. 2004, Variable 
Stars in the Local Group, lAU Colloquium 193, Proceedings of the conference held 6- 
11 July, 2003 at Christchurch, New Zealand. Edited by Donald W. Kurtz and Karen R. 
Pollard. ASP Conference Proceedings, Vol. 310. San Francisco: Astronomical Society 
of the Pacific, 2004, p. 103 



- 18 - 



Henize, K. G., Hoffleit, D., & Nail, V. M. 1954, Proc. Natl. Academy of Sciences, 40, 365 
Hubble, E. P. 1929, ApJ, 69, 103 
Imara, N., Blitz, L. 2007, ApJ, 662 969 

Kasliwal, M. M., Cenko, S. B., Kulkarni, S. R., Ofek, E. O., Quimby, R. & Rau, A. 2010, 
ApJ, 735, 94 

Liller, W., McNaught, R. H., Hughes, S. M., Hartley, M., Camilleri, P., Garradd, G. 1991, 
lAUC 5244 

Liller, W. 1992, lAUC 5651 

Liller, W. 1995, lAUC 6143 

Liller, W., Stubbings, R. 2000, lAUC 7453 

Liller, W. 2002, lAUC 7841 

Liller, W., Monard, L. A. G., Pearce, A., Bond, H. E., Gonzalez, S. 2003, lAUC 8160 

Liller, W. 2004, lAUC 8422 

Liller, W. & Shida, R. Y. 2005, JAAVSO, 33, 207 

Liller, W., Allen, B., & Pearce, A. 2005, lAUC 8625 

Liller, W., Heathcote, B., di Scala, G., Allen, W. 2007, JAVSO, 35, 359 

Liller, W. 2009, lAUC 9019 

Liller, W. & Monard, L. A. G. 2009, lAUC 9042 

Liller, W., Brimacombe, J., Pearce, A., Prieto, J. L. 2012, lAUC 3071 

Luyten, W. J. 1926, Bull. Harv. Obs. 847, 8 

MacConnell, D. J. 1970, IBVS 437, 1 

MacConnell, D. J. & Gomez, A. 1970, lAUC 2238, 1 

McLaughlin, D. B. 1945, PASP, 57, 69 

McGlynn, T., ScoUick, K., White, N. 1996, Sky View: The Multi- Wavelength Sky on the 
Internet, McLean, B.J. et al.. New Horizons from Multi- Wavelength Sky Surveys, 
Kluwer Academic Publishers, lAU Symposium No. 179, 465. 



- 19 - 

Mason, E., Ederoclite, A., Stefanon, M., Dall, T. H., & Delia Valle, M. 2004 lAUC 8424 

Mason, E., Delia Valle, M., Gilmozzi, R., Lo Curto, G., Williams, R. E. 2005, A&A, 435, 
1031 

Maza et al. 1981, lAUC 3641 

McNaught, R. H. & Gerradd, G. J. 1987, lAUC 4453 

McNaught, R. H., Gerradd, G. J., & Hartley, M. 1988, lAUC 4463 

McNaught, R. H., Gerradd, G. J., Seargent, D. A. J., & Pearce, A. 1990, lAUC 4946 

Orio, M., Mason, E., Gallagher, J„ Abbott, T. 2009, ATel 1930 

Pojmanski, G. 2002, Acta Astron. 52, 397. 

Politano, M. 1996, ApJ, 465, 338 

Prieto, J. L. 2012, ATel 4002 

Prieto, J. L., & Morrell, N. 2013, ATel 4734 

Read, A. M. et al. 2009, A&A, 506, 1309 

Saglia, R. P. et al. 2010, A&A, 509, 61 

Schwarz, Greg J., Hauschildt, Peter H., Starrfield, S., Whitelock, P. A., Baron, E., Son- 
neborn, G. 1998, MNRAS, 300, 931 

Schwarz, G. J., Shore, S. N., Starrfield, S., Hauschildt, P. H., Delia Valle, M., Baron, E. 
2001, MNRAS, 320, 103 

Sekiguchi, K., Kilkenny, D., Winkler, H., Doyle, J. G. 1989, MNRAS, 241, 827 

Sekiguchi, K. & Stobie, R. S. 1990, lAUC 4975 

Sekiguchi, K., Caldwell, J. A. R., Stobie, R. S., Buckley, D. A. H. 1990, MNRAS, 245, 28 
Shafter, A. W. & Irby, B. K. 2001, ApJ, 563, 749 
Shatter, A. W. 2007, BAAS, 211.5115 

Shatter, A. W. 2008, in Classical Novae, 2nd ed., edited by M. Bode and A. Evans, Cambridge 
University press, p. 335 



-20- 



Shafter, A. W., Bode, M. F., Darnley, M. J., Misselt, K. A., Rubin, M., Hornoch, K. 2011a, 
ApJ, 727, 50 

Shatter, A. W., Rau, A., Quimby, R. M., Kasliwal, M. M., Bode, M. F., Darnley M. J., 
Misselt, K. A. 2009, ApJ, 690, 1148 

Shatter, A. W. et al. 2011b, ApJ, 734, 12 

Shatter, A. W., Darnley, M. J., Bode, M. F., CiarduUo, R. 2012, ApJ, 752, 156 

Shore, S. N., Sonneborn, G., Starrfield, S. G., Hamuy, M., Williams, R. E., Cassatella, A., 
Drechsel, H. 1991, ApJ, 370, 193 

Sievers, J. 1970, IBVS 448 

Subramaniam, A. & Anupama, G. C. 2002, A&A, 390, 449 
Townsley, D. M., Bildsten, L. 2005, ApJ, 628, 395 

Tutukov, A. V. & Yungelson, L. R. 1995, Cataclysmic Variables, Proceedings of the con- 
ference held in Abano Terme, Italy, 20-24 June 1994 Publisher: Dordrecht Kluwer 
Academic Publishers, 1995. Edited by A. Bianchini, M. Delia Valle, and M. Orio. 
Astrophysics and Space Science Library, Vol. 205, p. 495 

van den Bergh, S. 1988, PASP, 100, 1486 

Vanlandingham, K. M., Starrfield, S., Shore, S. N., Sonneborn, G. 1999, MNRAS, 308, 577 
Walter, F. M., Fasten, A., Bond, H. E., Liller, W. 2005, lAUC 8635. 

Walter, F., Battisti, A., Towers, S. E., Bond, H. E., Stringfellow, G. S. 2012, PASP, 124, 
1057 

Williams, R., Liller, W., Shara, M., Moffat, A., Wells, L., Heathcote, S. 1990, lAUC 4964 
Williams, R. E. 1992, AJ, 104, 725 

Wihiams, R. 2012, AJ, 144, 98 

Wyrzykowski, L., Ulaczyk, K., Udalski, A., Kozlowski, S. 2012, ATel 4540 
Yungelson, L. R., Livio, M. & Tutukov, A. 1997, ApJ, 481, 127 



This preprint was prepared with the A AS macros v5.2. 



+ 



+ 



X □ 



■o: 



¥ + 



+ □ 



Fig. 1. — The spatial distribu tion of the 40 observed nova candidates (LMC image from 
Skyview, iMcGlynn et al.l 119961 ) . The Fe II novae are indicated by the red circles, while the 
He/N and Fe lib (hybrid) novae are represented by the blue squares. Novae with unknown 
spectroscopic types are represented by "+" symbols, with "X" symbols representing ques- 
tionable novae. The novae do not appear to be strongly associated with the bar. 
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Fig. 2. — The MMRD relation for LMC novae with measured fade rates. Fe II novae are 
represented by filled red circles, with He/N and Fe lib novae shown as filled blue squares 
(open symbols represent tentative spectroscopic types). Novae of unknown spectroscopic 
type are shown as "+" symbols. The three novae with My shown as upper limits are 
systems where maximum light was missed, and no estimate of the peak brightness is available. 
The dashed line represents a linear least-squares fit to the data as given in Equation (1). 
For comparis o n, the dotted line (given by Equation [2]) shows the MMRD relation from 



Shaffer et al.l (l2011bl ) for their sample of M31 novae. 
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Fig. 3. — The cumulative distribution of the fade rates for the LMC novae compared with 
those of the Galaxy (dotted line) and M31 (broken hne). The LMC novae are considerably 
"faster" than their Galactic and M31 counterparts. A Kolmogorov-Smirnov test confirms 
that the distributions are markedly different with KS~0. 
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Fig. 4. — The dependence of the fade rate on nova expansion velocity (as reflected by the 
FWHM of Ha). The symbols have the same meaning as in Figure 2. There is a clear trend 
of increasing fade rate with increasing Ha emission line width. The dashed and dotted lines 
reflect the best-fit relation s given in the text ( Equations [3] and [4]) for the LMC and a 
sample of M31 novae from Ishafter et aD ( 2011b ). respectively. 
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Fig. 5. — The cumulative distribution of the LMC novae compared with the cumulative 
distribution of the background V light. The nova distribution follows the light distribution 
well (KS = 0.52). 
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Table 1. LMC Nova Candidates 





JD Discovery 


Discovery Aa cosS^ 








Nova 


(2,400,000+) 


mag Filter (') 


n 


Type 


References^ 





iyzo-Uya 


z47oD.O 


12.4 


P9 


— 51.248 


176.461 




1 




lyoo-Uya 


z5U4y.u 


11.0 


P9 


A '70 m A 
— 4/Z.U14 


37.481 




1 




1 riQfi nOr^ 
iyoD-Uza 


ZoZZo.D 


1 n Q 


P9 


— yo. loo 


1 QQ n'7'7 




1 




1937-lla 


zoobU.o 


10.6 


pg 


1 Q o a AO 


37.633 




1 




1 ri/i Q 1 o*^ 


QOQm n 
ozoyi.U 


1 Q n 


P9 


'7 A oc;n 
/ 4.ZOU 


—o 1 . ( yy 




1 


T A /TOM 


iyol-Ula 


ooboi.U 


11.9 


P9 


—55.260 


— 14.069 




1 


T AiT^lVT 

J_/iVH^iN 


iyoz 




^11 A 

< il.4 


V 


26.354 






1 




iybo 




< 11.1 


V 


32.518 


— 121.150 




1 




iybo-iza 


4UzUo.U 


10.4 


P9 


—63.910 


— 116.345 




1 




iy /U-Uoa 


/I Oi^ Q T 

4Uooo. ( 


12.0 


V 


AQ fx A A 

4o.U44 


—50.620 


re 11 b.'^ 


1,2 




ly / U-iia 


4Uy (2.0 


11.0 


V 


59.194 


—62.458 


Tr„ TT 

re 11 


1,3 




iy / i-uoa 


/1 1 nun 


11.8 


V 


— 141.268 


no Q QO 




1 


T A /TOM 


1 ATI nOr. 


41U7y.y 


13.0 


T/ 
V 


101.185 


1 o 1 Tno 

loi.Tyo 




1 




iyiz-Uoa 


41551.5 


1 1 A 

11. u 


P9 


26.467 


56.254 




1 




iyYo-Uya 


41b4i.U 


1 1 

11. b 


P9 


—43.113 


5.256 




1 






4OZUU.0 


iz.b 


V 


zzy. / oU 


A'7 Aic: 
4 ( .4io 




1 




1 n'7'7 nUr^ 
iy / /-Uoa 


/I Q01 A 

4o214.0 


1 n 7 


T/ 

V 


OQ ftOO 

— yo.Dzz 


— z i . iy4 


T?^ TT 

rC 11 






ly /o-Uoa 


4v5oyb.o 


ion 


V 


1 no fion 


OOC QQA 


T?^ TT7 

rC 11. 


l,o 


Li MO IN 


1978-lla 


43814.5 


16.0 


V 


— 131.191 


146.751 




1 


T A /TOM 


iyol-Uya 


44o77.y 


12.0 


P9 


43.230 


—37.590 


I'e lib 


1,6 




lyo / -uya 


4 / UOD.U 


Q 

y.D 


V 


1 "i^O 
l.OOZ 


— lo.o 1 y 




1 
1 


LMCN 


1988-03a 


47242.0 


11.4 


V 


60.054 


-37.593 


Fc II 


1,7 


LMCN 


1988-lOa 


47448.0 


11.3 


V 


-85.001 


65.061 


Hc/N 


1,8 


LMCN 


1990-Ola 


47908.0 


11.5 


V 


-1.110 


15.560 


Hc/N 


1,9 


LMCN 


1990-02a'* 


47936.6 


11.2 


V 


-64.203 


-116.343 


He/N 


1,10,11,12,13 


LMCN 


1991-04a 


48362.5 


9.0 


V 


-100.150 


-36.940 


Fe lib? 


1,14,15 


LMCN 


1992-lla 


48940.1 


10.7 


R 


-22.913 


50.589 


Fe II 


1,16,17,18 


LMCN 


1995-02a 


49773.6 


10.7 


V 


16.726 


-16.142 


Fe II 


19 


LMCN 


1996== 




< 12.4 


V 


-55.060 


66.248 




1 


LMCN 


1997-06a 


50615.9 


< 12.7 


V 


-109.142 


122.573 




1 


LMCN 


1998-12a'= 


51176.2 


16.9 


R 


62.831 


13.962 




1 


LMCN 


1999<= 




12.5 


V 


-18.432 


-42.775 




1 


LMCN 


2000-07a 


51737.9 


11.2 


V 


7.320 


-28.939 


Fe II 


1,20 


LMCN 


2001-06a 


52067.5 


< 9.7 


R 


2.059 


-84.652 




1 


LMCN 


2002-02a 


52332.6 


10.5 


V 


62.542 


-111.955 


Fe II 


1,18 


LMCN 


2003-06a 


52808.5 


< 11.0 


V 


-83.487 


76.441 


Hc/N? 


21 


LMCN 


2004-10a° 


53298.7 


10.8 


V 


178.462 


38.732 


Hc/N 


1,22,23 


LMCN 


2005-09a 


53644.0 


12.0 


V 


221.767 


-23.805 


Fe II?? 


1,24 


LMCN 


2005-lla 


53696.6 


12.8 


w 


-69.355 


30.929 


Fe II 


1,25,26 


LMCN 


2009-02af 


54867.6 


10.6 


w 


102.039 


181.838 


He/N 


1,26,27 


LMCN 


2009-05a 


54956.5 


12.1 


w 


45.964 


159.098 


Fe II 


1,26 



Table 1 — Continued 





JD Discovery 


Discovery 






AS'' 






Nova 


(2,400,000+) 


mag 


Filter 


(') 


(') 


Type 


References'' 


LMCN 2012-03a 


56012.9 


10.7 


W 


-143.471 


-50.035 


He/N 


1,26,28 


LMCN 2012-lOa 


56225.8 


11.5: 


I 


-14.084 


-200.677 


He/N 


1,26,29,30 



^Offsets from the center of the LMC (aj2ooo = 5'"23'"34?50, 5j2000 = -69°45'22'.'0) 



''References: (1) Piets ch l|http: //www.mpe .mpg.de/'mSlnovae/opt/lmc/P ; (2) [Ma^Connell 

Thompson! |ll 98lt): (5) iGrahaml lligTC ): (6) iMaza et al 



Havlen et all lll972l): (4) [Canterna 
Schwarz et all lll998h: (81 .S ckiguch 



1981) 



19701) : (3) 



ct al, (1989 1: (9) iDopita &: Rawlinge lll99o[): flO)" WiUiarns et al.l 
Stobid a990ll: [121 Ishore et al.l lll99lll: (13) Sckiguchi ct al.' ('l990'l ; (14) 
16)lDella Valle fc Kaeuft 119921: (I71ipuerbeck et al.1 



lll990ll: (111 ISekiguchi . . . - -r 

iDella Valle et al.llll99lll: (15llSchwarz et al.lll200lll . 

1I1992I I: (18l lMason et ai] ll2005ll : (191 iDella Valle et al.Nl995ll : (20 1 iDuerbeck fc Pom 
Bond (2012 private co mmunication); (22) Bond et al.l ll2004ll : (23llMason et al.l | |2004^: (241 Read et al.l 
ll2009ll: (25llWalter et al. (20051 : (26llWalter et al.N2012h : (27l lOrio et al.l ll2009l l: (28i rPrietol d2012ll : (291 
IWvrzvkowski et al. 1 120121 1. (30l |Prieto fc Morrelll (l2013ll : 



2001 



'211 H. 



'^Poorly known object 

''Recurrent nova candidate: LMCN 1968-12a 
'^Recurrent nova candidate: LMCN 1937-lla (YY Dor) 
'Recurrent nova candidate: LMCN 1971-08a 
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Table 2. Light Curve Parameters 



Nova 


Filter 


nimayi At (d)"^ 


E(B -V) 




to (A') 


I'd v^/ 


^ } 


TvDC 


References'^ 


LMCN 


1926-09a 


P9 


12.0 






-6.9 




200 


0.015 




1,2 


LMCN 


1935-09a 


P9 


11.0 






-7.9 




25 


0.12 




1,2 


LMCN 


1936-02a 


pg 


10.5 






-8.4 




32 


0.094 




1,2 


LMCN 


1937-lla 


pg 


10.6 






-8.3 




20 


0.15 




1,2 


LMCN 


1948-12a 


pg 


13.0 




0.18 


-6.1; 




100 


0.030 




1,2 


LMCN 


1951-Ola 


pg 


11.9 






< -7.0;'* 




6.3 


0.48 




1,2 


LMCN 


1968-12a 


pg 


10.4 


1 




-8.5 ; 




5.26 


1.0; 




3,4,5 


LMCN 


1970-lla 


V 


10.8 


7 




-8.1; 






0.25; 


Fe II 


4,5,6 


LMCN 


1971-03a 


V 


11.8 


7 




-7.1 




28.3 


0.11 




4,5,6 


LMCN 


1977-03a 


V 


10.7 





0.11 


-8.2 


11 


21 


0.16 


Fe II 


5,7,8 


LMCN 


1978-03a 


V 


9.8: 


10 




-9.1; 




7.8 


0.50 


Fe II? 


4,5,9 


LMCN 


1987-09a 


V 


9.6 







-9.3 




5.3 


1.0 




4,5,10 


LMCN 


1988-03a 


V 


11.2 


2 


0.15 


-7.7 


22.5 ±4 


38.4t^:« 


0.084 


Fe II 


11 


LMCN 


1988-lOa 


V 


10.3 





0.079 


-8.5 


5 


10 


0.35 


He/N 


12 


LMCN 


1990-Ola 


V 


9.7; 


3 


0.22 


-9.6; 


4.5 




0.59 


He/N 


13,14,15 


LMCN 


1990-02a'= 


V 


10.2 


11 




-8.7; 


3 




0.59; 


He/N 


4,13,15,16 


LMCN 


1991-04a 


V 


9.0 





0.10 


-9.8 


6± 1 


8±1 


0.35 


Fe lib? 


15,17 


LMCN 


1992-lla 


V 


10.2 







-8.7 


6.9± 1.1 


13.7 ± 1.6 


0.25 


Fe II 


11,15 


LMCN 


1995-02a 


V 


10.4 


4 




-8.5 


11.0 ± 3.0 


19.6 ±3.2 


0.17 


Fe II 


11,15 


LMCN 


2000-07a 


V 


10.7 


13 




-8.2; 






0.20 


Fe II 


11,18 


LMCN 


2002-02a 


V 


10.1 


4 




-8.8 


12.0 


23.0 


0.15 


Fe II 


4,13,15 


LMCN 


2003-06a 


V 


11.0 


16 




-7.9; 






0.25 


He/N? 


15,19 


LMCN 


2004-lOaf 


V 


10.9 


3 




-8.0; 






0.17 


He/N 


15 


LMCN 


2005-09a 


V 


< 12.0 




< -6.9 


8; 




0.25; 


Fe II?? 


20 


LMCN 


2005-lla 


V 


11.5 







-7.4 ; 


63 


94 


0.032 


Fe II 


21 


LMCN 


2009-02aS 


w 


10.6 


5 




-8.3; 




8; 


0.37; 


He/N 


22,23 


LMCN 


2009-05a 


w 


12.1 


11 




-6.8; 






0.037: 


Fe II 


22,24 


LMCN 


2012-03a 


w 


< 10.7: 12 




< -8.2; 


1.1; 


2.1; 


1.5; 


He/N 


22,25 


LMCN 


2012-lOa 


I 


11.5 


3 




-7.3; 


10 


15 


0.20 


He/N 


26 



^Upper limit on time elapsed between outburst maximum and discovery. 



Mo 



18.50 ijFreedman et al.ll20oil ') and E{B -V) = 0.12 l|lmara fc Blit j|2007l ') assumed, unless otherwise noted. 



'^Re feren ces; fPlHeni ze et al.| l| l954l ) ; 1*2) iBu scombe &: de V aucouleur 3 lll955l'l; (3) ISievers. J.I l|l970l ): f4) ISubr amaniam fc An upamal 
hooit]: f 5) ICapaccioli et al.l lll990l'l; (61 ICraham fc Araval lll97ll'); (TllCanterna fc Schwartj . 1977h: ('8') ICanterna fc ThomDsonI lll98ll') 



(9) iGrahaml lll978h: (10) iMcNaught fc Gerraddl lll987l'l: 
ll2005h; (14) 'Vanlandingham et al.' ('1999'); (15) iLiller 
iGreiner et al . (2003); (19) Lillcr ct. aL ( 2003): (20) 
l l2009al ): (24) lLiller fc MonardI iwO^ : (2571 Liller et 



ill] 



ll2004h: (12) 



Shida' 
Re ad ct al., 
alTllioT 



Hearnshaw et al, 
■ (12005'); (16) 'Sckieuchi et al. 
(2()09); (21) Lillcr ct al,, (200; 
I); (26) (Wvrzvkowski et al] JioL 



Sekiguchi et al 



19901); 07) 

(22) IWaltcr ct al 



(13) iMason et al.l 
Schwarz ct al.l l|200j ) ; (18) 



lll989l); 



ct al.| i|; 

i20l3) : 



(23) iLiUej 



'^Heavily extincted iBuscombe fc de Vaucouleurslll955l ) 
"Recurrent nova: LMCN 1968-12a 

^Recurrent nova candidate: LMCN 1937-lla (YY Dor) 



^Recurrent nova candidate: LMCN 1971-08a 
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Table 3. Ha Emission-Line Properties 







FWHM 


u 


Phase'' 






Nova 


(km s"-*-) 


(d-i) 


(d) 


Type 


References'' 


LMCN 


1970-lla 






Q 1 n 1 1 


Fe II 




LMCN 


1977-03a 


1600 


0.16 


\ 


Fe II 


2 


LMCN 


1978-03a 


1500<= 


0.50 


10: 


Fe II? 


3 


LMCN 


1981-09a 


3800 




1 


Fe lib 


4 


LMCN 


1988-03a 


1400^^ 


0.084 


4,17,31 


Fe II 


5,6 


LMCN 


1988-lOa 


3000° 


0.35 


1,19,49 


He/N 


7 


LMCN 


1990-Ola 


5600 


0.59 


7,16 


He/N 


8 


LMCN 


1990-02a* 


5500 


0.59: 


8 


He/N 


9,10 


LMCN 


1991-04a 


2500 


0.35 


18 


Fe lib? 


11 


LMCN 


1992-lla 


900° 


0.25 


1 


Fe II 


12,13 


LMCN 


1995-02a 


1500° 


0.17 


1 


Fe II? 


14 


LMCN 


2000-07a 


1700 


0.20 


3 


Fe II 


15 


LMCN 


2002-02a 


2150° 


0.15 


6,11 


Fe II 


16 


LMCN 


2003-06a 


3600 


0.25 


11 


He/N? 


17 


LMCN 


2004-lOag 


4900° 


0.17 


1,5 


He/N 


18,19 


LMCN 


2005-lla 


900 


0.032 


2 


Fe II 


20,22 


LMCN 


2009-02a'' 


4200 


0.37: 


3 


He/N 


21,22 


LMCN 


2009-05a 


1000 


0.037: 


7 


Fe II 


22 


LMCN 


2012-03a 


5700 


1.5: 


1 


He/N 


23 


LMCN 


2012-lOa 


3600 


0.20 


10,16 


He/N 


22 



"Time elapsed between maximum light and spectra used for classification 

''Re ferenc es: (1) iHavlen et al] lll972l); ( 2) ICanterna fc Thompson 
198ll'l : (3) iGrahamI 119791') : (41 | Maza et al.' ('l98ll ); (5) jPrechsel et al, 
1990l'l : (6) ISchwarz et al.l l ll99sl'l: (7) Sekigu chi et al. 



, - - . -- - ----- ^iQssI^^ <»\ 

iDopita fc Rawhngj \l99(X): (9 1 ISekiguchi et al.1 lll990h: (101 IShore et al.l 



1I1991II; (111 bella Valle et al.l lll99lll : (121 iDella Valle fc Kaeufll lll992ll : 
(131 iDuerbeck et al.l lll992ll : ( 141 bella Valle et al.] l ll995h : (15) 
iDuerbeck fc Pompeii l l200dl : (16) iMason et al.l ||2005|1 : (1 71 H. Bond 
(2012, priva te communicationi ; (18llBond et alTi 2004 ): ( 191 iMason et al, 
(2004'); (201 'Walter et aki l l2005ll : (21l lOrio et akl I2OO9II : (221 IWalter et al, 
(2012); (23) Prieto (20l3. 

°Velocity based on displacement of P Cyg absorption. 

''Mean of values from IPrechsel et akl l ll99dl and lSchwarz et akl l ll998ll 

°FWHM estimate assumed to be half of the FWZI. 

'Recurrent nova: LMCN 1968-12a 

BRecurrent nova candidate: LMCN 1937-lla (YY Dor) 
''Recurrent nova candidate: LMCN 1971-08a 



